Carbohydrates are the cheapest source of energy available in plentiful quantities at low prices and have a protein-sparing effect in some lower protein diets and for bind other ingredients.
INTRODUCTION
Nile tilapia is internationally widely distributed in different site of the world. It constitutes the largest percentage of fish production in Egypt because it can persist in different environmental conduction. Utilization of carbohydrates relate to the digestive tract and metabolic efficiently, but, in general, fish are deemed glucose intolerant because their incompetence to reinstate glycaemia value after a glucose load [1] .
Enough amount of carbohydrate would enhance growth performance and immunity [2, 3, 4] . Besides, carbohydrate of starch origin is crucial in improving feed physical quality with good binding and expansion properties [5] . In omnivorous and warm water fishes such as carps, carbohydrate can highly use compared to other species [6] . It is interest to provide sufficient carbohydrate in the diet with a view to reduce the catabolism of protein for energy and glucose synthesis, which reducing nitrogen release to the environment [7] . Detecting the optimal level of protein and the protein-sparing effect of carbohydrate may be beneficial to reduce fish diet cost [8] .
Carbohydrate is the macronutrient that is most ordinarily oxidized and used as an energy source by herbivores and many omnivorous fish [9] . Carbohydrates are the most cheapest source of energy available in plentiful quantities at low prices and have a protein-sparing effect in some lower protein diets and for bind other ingredients [10] . Carbohydrate digestibility is highly in freshwater and warm water fishes than that in marine and cold water fishes [11] .
Omnivorous fish species such as Nile tilapia and common carp, which fed at low trophic levels, can efficiently use high dietary levels of carbohydrates (30-50%) in comparison to the high trophic level carnivorous fish species [12] .
The optimal dietary carbohydrate level of Nile tilapia (Oreochromis niloticus) still need to investigated. Therefore, this study was designed to evaluate the effect of different dietary sources and levels of wheat bran, corn and sorghum on the growth performance, feed utilization, body composition and histopathological examination of fingerlings Nile tilapia (Oreochromis niloticus).
MATERIALS AND METHODS

Experimental fish
A total number of 500 apparently healthy fingerlings of Oreochromis niloticus were obtained from Fish Research Centre, Suez Canal University. Fish were transported in strong plastic bags filled with sufficient natural fresh water and oxygen. They were transported to the lab of Fish Diseases and Management Department, Faculty of Veterinary Medicine-Suez Canal University. Eighteen full glass aquaria measuring (75×40×35cm) were used for rearing fish. Fish were distributed into six treatments and each treatment was represented in three replicates of glass aquaria, which contain 25 fish in each aquarium with an initial body weight of 9.2±0.37g.
Aquaria
The aquaria were supplied with aerated de-chlorinated fresh water and changed continuously. Continuous aeration was maintained in each aquarium by using air pump.
Thermostatic heaters were used during the experiment to maintain temperature at 25+2°C. Physicochemical characteristics of water glass aquaria were examined every two weeks [13] and water quality values measured within the recorded optimal ranges for this species, where dissolved oxygen (7.4±0.1 mg dL-1), temperature (25.2±1.2°C), salinity (1.16±0.6) and pH (7.4±0.1) [14] . Each diet was fed to visual satiation twice daily (9:00 and 15:00 hrs) for 90 days from (April to June, 2015). Fish were weighted every two weeks to adjust the amount of feed consumed during the experimental study.
Experimental diet
The experimental diets were formulated by using the available local ingredients. Sorghum was obtained from a local market in Shaksouk-Fayoum-Egypt and then soaked with tap water for three days and exposed to solar drying before crush. The ingredients were ground into fine powder through 175-μm mesh before pelleting. All ingredients were finely ground, thoroughly mixed, and pelleted using a pellet mill (California Pellet Mill,USA) through a 2 mm die and air dried until use. Six diets were formulated by using three different sources of carbohydrate (wheat bran, corn and sorghum) and each source was incorporated as two levels (15 and 30%) of the diet. The proximate composition of ingredients and feed formulation of the diets are presented in (Tables,1&2) . 
Growth performance
Growth performance and feed parameters were measured by using the following equations:
Body weight gain WG = (FW-IW). Condition factor (K) =( W/L3 )×100.
Where: W =fish weight (g) L=fish length (cm).
Feed conversion ratio (FCR) = Feed intake (g)/Weight gain (g).
PER (%)=Weight gain (g)/Protein intake (g).
Net protein utilization (NPU%) = (Final body protein-Initial body protein/protein intake)×100.
Hepatosomatic index =(Weight of the liver/fish body weight) ×100.
Blood sampling
The haematological analyses were done by sampling blood from the caudal blood using vessels 3-mL heparinized and sterilized syringes and needle. Red blood cell (RBC) and white blood cell (WBC) counts were performed in hemocitometer (Neubauer chamber) diluents [16] ; haematocrit evaluation, Haemoglobin, platelets followed the micro haematocrit method [17] .
Chemical analysis
Analyses of ingredients, diets and carcass composition were carried out according to the standard methods [18] . Moisture was determined by drying in an oven [19] . Tannin content of sorghum meal was determined using a modified version method [20] .
Histological examination
After blood sampling the fish were desiccated; liver and spleen were removed and prepared for further studies. Tissue specimens of liver and spleen were fixed in 10% neutral buffered formalin for 24 hrs. The fixed tissues were rinsed in tap water, dehydrated through graded series of alcohols, cleared in two changes of xylene and embedded in paraffin wax [21] . Five µm thick sections were cut and stained with Hematoxylin and Eosin (H & E) and followed by examination using light microscopy.
Statistical analysis
Data of the present study were analyzed using Towways Analysis of Variance (ANOVA) procedures for testing significance among groups [22] . Means separation and pairwise comparisons were carried out by Duncan's Multiple Range test were applied [23] . All analysis were performed using SPSS [24] version 20, (2016) SPSS Institute, Cary, NC, USA). Results are considered significant and highly significant at probability levels of 0.05, (P ≤ 0.05).
RESULTS
Growth performance
The effect of carbohydrate sources and levels on growth performance as (final weight, weight gain, specific growth rate and condition factor) were presented in ( Table 3 ). The highest values were obtained in fish fed the two sorghum levels followed by a significance difference (P<0.05) in fish fed wheat bran and corn diets. Fish fed on sorghum at 15% was significantly higher than sorghum at 30% of final WG. However, fish fed on corn (30%) was the lowest (FW,WG, SGR and CF) between groups. Consequently, feed efficiency indices in terms of (FCR, PER and NPU) showed high significance difference in fish fed on sorghum (15 and 30%) compared with other groups.
Blood parameters
As shown in (Table 4) , RBC,WBC, PL,HB and HCT not affected by dietary carbohydrate diets.
Body composition
Whole body composition values are shown in (Table 5 ). No significance difference (P>0.05) were obtained in all proximate composition of Nile tilapia from (dry matter, crude protein, crude lipid and ash) between different sources and levels of carbohydrate.
Histological examination
The histological changes were seen in the hepatic and splenic tissues of the treated groups. These changes were alleviated to variable degrees in the challenged groups fed different dietary carbohydrate sources (wheat bran, corn and sorghum) as shown in (plate 1-3) .
Liver
In the present study, fish fed on wheat bran (15 and 30%) served as control group and showed focal to diffuse vacuolar degeneration of hepatocytes, the vacuoles were severe and diffuse in group treated with wheat bran (30%) along with focal leucocytic infiltration (plate 1). In fish fed with corn (15%) liver appeared to have diffuse degeneration of hepatocytes, focal necrosis and leukocytic infiltration, meanwhile fish fed (b-30% corn) showed severe degeneration with focal necrosis represented by pyknotic nuclei as illustrated in (plate 2). The fish fed with sorghum showed normal structure of liver with mild focal vacuolar degeneration of hepatocytes as (plate 3).
Spleen
In control wheat bran (a,15%) showed depletion of white pulp and (b-30%) showed depletion and necrotic changes of white pulp with hyperplasia of melanomacrophage centres (plate 4). However, in the treated group with sorghum (15 and 30%) was better than corn and showed normal structure of spleen with normally distributed melanomacrophage centres, normal intact lymphoid follicles and well preserved hyperplastic melanomacrophage centres (plate 6). Moreover, in the corn group (15 and 30%) prominent depletion of lymphoid follicles of white pulp and severe degeneration and necrosis of lymphoid follicles were observed (plate 5). 
DISCUSSION
Protein is generally the most expensive component in aquaculture diet, thus feed manufacturers search to use alternative cheap sources of carbohydrates to replace it. Cereal grains, especially corn which, form the high bulk of energy in fish diets are in shortage stock as a result of industrial and human demands. The competition between different consumed for available feed resources can increase the cost of animal production. This leads to search for alternative sources such as sorghum, which can be use in feed formulation. Carbohydrate utilization varies greatly among fish species and its appropriate amount can improve growth and feed efficiency [11, 25] .
The present study focused on the use of different inclusion levels and sources from wheat bran, corn and sorghum as alternative source of carbohydrate in the diet of Nile tilapia. In the last decade large number of effort has been conducted towards the use of alternative carbohydrate ingredients as a source of energy and had a protein-sparing effect on fish diets. The suitability of this replacement in terms of growth performance and feed efficiency is highly variable among fish species and experimental conditions. There is interest to increase cultivation of some developing crops, which can be grown in the semi-arid regions to help alleviate feed shortage such as sorghum. This study showed that the sorghum can be used as source of carbohydrates in Nile tilapia (Oreochromis niloticus) diets.
The present study showed that WG, SGR, K, FCR, PER and NPU of Nile tilapia significantly increased with two dietary sorghum levels, where, diets with corn showed less improvement in the previous parameters. The growth performance and feed efficiency of the present experimental showed that Nile tilapia can use sorghum meal up to 30% in their diets without exerting any deleterious effect on growth performance and feed efficiency. These results are comparable with the previous results in tilapia, which can incorporated up to 40% of dietary (maize or sorghum) starch sources in their diets [25, 26, 27, 28, 29] . On the other hand [30] , recorded a high inclusion level of low tannin sorghum 0.4% tannin up to (44% of diet) can be used in feeding of Nile tilapia. The same author suggests a great potential for sorghum meal to replace maize in feeding of tilapia, without compromising growth or protein utilization. The above finding was agree with the present result, where 30% sorghum diets contain 0.3% tannin and this level was less than 0.4%, which recorded by [30] . No significant differences from RBC,WBC,PL,HB and HCT among fish fed different sources and levels of carbohydrate and the values within the normal levels recorded in tilapia (Oreochromis) hybrid [31, 32] . Similar results were obtained in Oreochromis niloticus [33] .
The knowledge on body composition of fish and factors affecting it allows the assessment of fish health, determination the efficiency of transfer nutrients from food to the fish make it possible to predictably carcass composition [26] . The body composition contents in the present study were accordance with the growth performance results. No effect of carbohydrate sources or levels were recorded on body contents of tilapia. Similar results were obtained in different species: tilapia [27, 34] , trout [35] and grouper [3, 36] . On the contrast, a positive increase in lipid contents by increase carbohydrate levels were recorded in other fish species such as trout (Salmo gairdneri) [26] and catfish (Clarias gareipinus) [37, 38] .
The histopathological changes were observed in the hepatic and splenic of the dietary treatments were alleviated to variable degrees in the challenged groups fed dietary carbohydrate sources (wheat, corn and sorghum). In this study, there have been varying changes from degeneration of hebpatocytes, focal necrosis and leukocytic infiltration in liver and spleen tissues between different treatments and these changes were more severe with the high inclusion levels (30%). However, the group of fish fed with sorghum showed normal structure of liver with mild focal vacuolar degeneration of hepatocytes. This finding was comparable with the observation of [39] , where no changes were recorded in spleen and liver tissues of Atlantic salmon fed with genetically modified maize.
However, the changed in liver and spleen, which revealed in the present study were in accordance with the results obtained with different fish species fed with plant sources, where an structural damage was recorded in fish fed plant protein diet compared with fish meal diet [40] [41] [42] [43] .
CONCLUSION
With higher prices of raw materials, especially wheat bran and corn, which represent the greatest part for carbohydrate in fish diets, it was necessary to search for cheap, low-priced sources. From the nutritional point of view sorghum can introduce as alternative and cheap source in fish feed. The results of the presented study Growth energy (MJ/kg/diet) 6.38 6.22 6.23 6.12 6. 18 7.59 concluded that sorghum can be use with the two inclusion levels (15 and 30%) in the diet of Nile tilapia without any adversely effects on growth performance, nutrient utilization, blood values and liver histology of fish. Further research should be conducted to examine the possibility to increase the inclusion level of sorghum and detect the apparent digestibility coefficient of this ingredient in practical tilapia diet.
